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Topics of Discussion 

ÅMulti-Level PoF Modeling & Simulation 

ÅHiREV nano-CMOS Road-Map 

ÅFY12 Lifetime Focus Areas 

ÅCMOS Failure Modes Under Investigation 

ÅAnalog Mixed Signal Lifetime Simulation 

Å90nm CMOS ASIC Full-Chip Lifetime Model 

ÅLooking Forward 
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Multi-Level PoF Lifetime Modeling 

Full-Chip ASIC Lifetime Modeling 
(New Models Needed) 

Digital IP Block Circuit-
Level Simulation (AgeMOS, 

MOSRA, RelExpert, New 
Models Needed) 

Analog  Mixed 
Signal Circuit-Level 

Simulations 

Device-Level  
Simulation 

Atomistic 
Sims 
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HiREV FY12 nanoCMOS Roadmap 
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Evaluation 
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130nm AMS IRIS Eval. 
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FY12 HiREV/Aerospace Focus Areas 
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CMOS Failure Modes Under Investigation 

ÅFront-End-of-Line (FEOL) 

ïHot Carrier Injection (HCI) 

ïNegative Bias Temperature 

Instability (NBTI) 

ïStress Induced Leakage 

Current (SILC) 

ïGate Oxide Time 

Dependent Dielectric 

Breakdown (GO-TDDB) 

 

ÅBack-End-of-Line (BEOL) 

ïElectromigration (EM) 

ïStress Voiding (SV) 

ïContact & Via Opens 

ïInter-level Dielectric TDDB 

(ILD-TDDB) 

 

 
ÅAdvanced Packaging 

ïCeramic Strength 

ïInterconnect Metallurgy 

ïAdhesive Polymers 

 

ÅRadiation Degradation 

ïTotal Ionizing Dose (TID) 

ïRad/Rel Synergistic Effects 
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Atomistic simulation of HCI degradation in CMOS 

FY12 Mid-Year Accomplishment 
 Goal: Apply atomistic simulation techniques to understand the generation and 

action of interface and boundary defects resulting from hot carrier injection 

(HCI) within the channel of CMOS transistors 

Methodology: 

ÅMolecular dynamics (MD) of initial interface structure 

ÅDensity functional theory (DFT) electronic structure calculations for latent 

defects (e.g. strained bonds, Si-H, etc...) 

ÅQuantum analysis of latent defect hot carrier capture cross section 

ÅDFT-MD simulations of atomic relaxations following carrier capture 

ÅMD simulations of large scale oxide relaxation 

ÅAnalysis of defect trapping/charging for  

    end-to-end degradation predictions 

Current Status: 

ÅCMOS, 2 nm thick gate oxide, polySi gate 

ÅAmorphous gate oxide generated using MD 

ÅPlane wave DFT calculations of defects 

 Need MD/DFT Model for Each Failure Mode 

HCI Electron Wind 
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FY11 HiREV Vanderbilt University Collaboration,  

nano-scale 3D Imaging Ÿ TCAD Ÿ SEE Response 
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ñBottoms-Upò MOSFET Device, Analog Mixed 

Signal and Digital Circuit Aging Process 

Develop  EoL ñAgedò 

MOSFET BSIM 

Obtain BoL MOSFET 

BSIM 

BSIM: Berkeley SPICE IGFET Model 

Analog Mixed Signal  

Validate BoL/EoL 

BSIM w/ PCM Data 

Use SPICE to Identify 

Stressed Dev. In Ckt. 

Replace w/ Uniquely 

ñAgedò Devices 

Simulate Corners at 

Chronological Times 

Once Circuit Out of 

Spec. => Lifetime 

Extract Worst-Case 

Timing Path 

Replace w/ Uniquely 

ñAgedò MOS Devices 

Simulate Corners at 

Chronological Times 

Timing Margin=0ns 

=> Lifetime 

Develop  EoL ñAgedò 

Digital Timing Library 

Obtain BoL Digital 

Lib. (e.g. Synopsis) 

Validate BoL/EoL 

Timing w/ Test Data 

Integrate Switching to 

Determine ñAgeò 

Replace w/ Uniquely 

ñAgedò Timing Models 

Simulate Corners at 

Chronological Times 

Timing Margin=0ns 

=> Lifetime 

Small Digital IP Block 

Large Digital IP Block 
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130nm Device Aging Simulation Methodology 

ÅDevelop a device aging calculation for each reliability wear out 

mechanism based on the physical understanding of the mechanism, 

data and models available from foundry, literature, and our 

experimental data 

ÅReview the operating conditions of each transistor in the circuit to 

identify those that are expected to suffer degradation due to NBTI, 

HCI, and TDDB 

ÅProject changes in the BSIM (Berkeley Short-channel IGFET Model) 

models used for these selected transistors at 10, 20 and 40 years to 

simulate the effects of aging on the circuit 

ÅCompare Beginning of Life (BoL) Simulations with ñagedò End  Life 

(EoL) models to simulate degraded circuit performance that illustrates 

the aging effect 
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Ex: Analog Mixed Signal Circuit  

VCO / Divider Aging 

ÅInputs 
ïVdd = 1.5V 

ï3 Bit Programmable  VCO 
Frequency tuning (8GHz) 

ïAnalog input for Fine Tuning 

ïControl Bit Selects Divide by 
2 or 3 

ïVCO Current Reference 

ïDivider Current Reference 

ÅOutput 
ïVCO Differential Output 

ïDivider Differential Output 
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Characterization of 130 nm 8rf Models 

 Measurement v. Simulation for BoL NMOS and PMOS 
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Ex: Operating Point of 130-nm MOSFETs in Circuit 

FET NumberCircuit Type W L nf m Vs Vg Vd Id(mA) Vs Vg Vd Id(mA) Freq (GHz)

1 VCO_10GHz Ibias pfet_rf 20 0.25 5 1 1.5 0.89 0.89 0.35 0 0 0 0 0

2 VCO_10GHz Ibias pfet_rf 500 0.25 125 1 1.5 0.888 0.7714 8.695 0 0 0 0 0

3 VCO_10GHz Ibias pfet_rf 38.5 0.25 10 1 1.5 0.89 0.522 0.7185 0 0 0 0 0

4 VCO_10GHz Ibias pfet_rf 120 0.12 10 1 1.5 1.005 1.005 0.7986 0 0 0 0 0

5 VCO_10GHz Ibias pfet_rf 120 0.12 10 1 1.5 1.005 1.005 0.7986 0 0 0 0 0

6 VCO_10GHz Ibias nfet_rf 16 0.4 4 1 0 0.5521 0.522 0.2341 0 0 0 0 0

7 VCO_10GHz Ibias nfet_rf 16 0.4 4 1 0 0.5521 1.005 0.7986 0 0 0 0 0

8 VCO_10GHz Ibias nfet_rf 860 0.4 215 1 0 0.5521 0.09374 21.41 0 0 0 0 0

9 VCO_10GHz Ibias nfet_rf 16 0.4 4 1 0 0.5521 1.005 0.7986 0 0 0 0 0

10 VCO_10GHz Ibias nfet_rf 540 0.4 135 1 0 0.5521 0.117 15.86 0 0 0 0 0

11 VCO_10GHz_ControlBits pfet 2 0.12 1 1 1.5 0 1.5 0 0 0 0 0 0

12 VCO_10GHz_ControlBits pfet 2 0.12 1 1 1.5 1.5 0 0 0 0 0 0 0

13 VCO_10GHz_ControlBits pfet 2 0.12 1 1 1.5 1.5 0 0 0 0 0 0 0

14 VCO_10GHz_ControlBits pfet 2 0.12 1 1 1.5 1.5 0 0 0 0 0 0 0

15 VCO_10GHz_ControlBits pfet 2 0.12 1 1 1.5 1.5 0 0 0 0 0 0 0

16 VCO_10GHz_ControlBits pfet 2 0.12 1 1 1.5 1.5 0 0 0 0 0 0 0

17 VCO_10GHz_ControlBits pfet 2 0.12 1 1 1.5 1.5 0 0 0 0 0 0 0

18 VCO_10GHz_ControlBits nfet_inh 1 0.12 1 1 0 0 1.5 0 0 0 0 0 0

19 VCO_10GHz_ControlBits nfet_inh 1 0.12 1 1 0 1.5 0 0 0 0 0 0 0

20 VCO_10GHz_ControlBits nfet_inh 1 0.12 1 1 0 1.5 0 0 0 0 0 0 0

21 VCO_10GHz_ControlBits nfet_inh 1 0.12 1 1 0 1.5 0 0 0 0 0 0 0

22 VCO_10GHz_ControlBits nfet_inh 1 0.12 1 1 0 1.5 0 0 0 0 0 0 0

23 VCO_10GHz_ControlBits nfet_inh 1 0.12 1 1 0 1.5 0 0 0 0 0 0 0

24 VCO_10GHz_ControlBits nfet_inh 1 0.12 1 1 0 1.5 0 0 0 0 0 0 0

25 VCO_Core nfet_rf 24 0.12 6 1 0 0.77 0.77 4.347 0 1.5 1.5 12.5 12.75

26 VCO_Core nfet_rf 24 0.12 6 1 0 0.77 0.77 4.347 0 1.5 1.5 12.5 12.75

27 VCO_MIM_Bank nfet_rf 8 0.12 2 1 1.5 0 1.5 0 0 0 0 0 0

28 VCO_MIM_Bank nfet_rf 8 0.12 2 1 1.5 0 1.5 0 0 0 0 0 0

29 VCO_MIM_Bank nfet_rf 8 0.12 2 1 1.5 0 1.5 0 0 0 0 0 0

30 VCO_MIM_Bank nfet_rf 8 0.12 2 1 0 1.5 0 0 0 0 0 0 0

31 VCO_MIM_Bank nfet_rf 8 0.12 2 1 1.5 0 1.5 0 0 0 0 0 0

32 VCO_MIM_Bank nfet_rf 8 0.12 2 1 1.5 0 1.5 0 0 0 0 0 0

33 VCO_MIM_Bank nfet_rf 8 0.12 2 1 1.5 0 1.5 0 0 0 0 0 0

34 VCO_Prebuf nfet_rf 32 0.12 32 1 0.1177 1.005 0.996 7.928 0 1 0.6 18 12.75

35 VCO_Buf nfet_rf 40 0.12 32 1 0.09374 1.005 0.9438 10.71 1 0.4 1.5 4 12.75

36 DIV_Bias nfet_rf 40 0.25 10 1 0 0.3396 0.3396 0.2 0 0 0 0 0

37 DIV_Bias nfet_rf 200 0.25 50 1 0 0.3396 0.473 1.128 0 0 0 0 0

38 DIV_Bias nfet_rf 400 0.25 100 1 0 0.3396 0.2095 1.905 0 0 0 0 0

39 DIV_Bias nfet_rf 400 0.25 100 1 0 0.3396 0.2027 1.894 0 0 0 0 0

40 DIV_Bias nfet_rf 400 0.25 100 1 0 0.3396 0.1973 1.885 0 0 0 0 0

41 DIV_Bias nfet_rf 400 0.25 100 1 0 0.3396 0.1925 1.877 0 0 0 0 0

42 DIV_Bias nfet_rf 28 0.25 7 1 0 0.3396 0.698 0.1686 0 0 0 0 0

DC AC (peak to peak values)

NBTI 
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HCI 

Risks 
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